The oral flora consists of a diverse collection of bacterial and protozoal species existing in different parts of the mouth in relatively stable equilibria in which individual bacterial strains are known to survive for long periods. Amongst the organisms always present are the freely growing a lumolytic streptococci but there are also many more fastidious species which are very difficult to culture artificially.
Sometimes there is a selective overgrowth of individual species or groups of organisms in the oral flora which may be associated with a specific disease. For example, in acute ulcerative gingivitis there is always marked local increase in fusiform bacilli and spirochetes with a relative displacement of other species from the infected areas of the gingiva. It is thought that these organisms increase from a previously low level of infection which is not associated with disease. However, neither the reason for this increase in numbers nor the cause of the associated disease is known. So far no changes have been found in the environment which would predispose to the sudden local alteration of the flora which is such a marked feature of the disease and there is, in most cases, no evidence of any predisposing tissue change, though sometimes the disease is associated with herpes simplex infection, nutritional deficiency states and other known predisposing causes.
In trying to determine the reasons for the survival of delicate organisms in a mixed flora or the reasons for the sudden overgrowth of individual species in that flora, we should consider first what the conditions are which normally may control the growth of organisms growing together.
Organisms growing closely together within a small area must be able to tolerate the same physical conditions, pH, Eh, osmotic pressure, temperature, &c., and have similar nutritional requirements which must be provided within the environment. They will also affect each other by changes which they bring about in the environment; particularly by altering the physical conditions such as pH and Eh as well as by the production of hypothetical antibiotic and symbiotic materials.
It is often assumed that all organisms growing in a biological system are growing in optimum or near optimum conditions and it is said that their growth is regulated by competition for available nutrients. However, such a system is unlikely to be stable and would result in the eventual predominance of the more robust organisms. In vivo the environment is not necessarily optimal for any species of organism, and though each organism may be expected to have different requirements for growth, there will be a range of conditions in which any organism can continue to survive and grow, though at less than its optimum rate. The extent by which the requirements of each organism may overlap in any system will determine which organisms will continue to survive in that system but, one must remember, many of the organisms may be growing in conditions far removed from their optima; it is this, rather than simple competition for nutrients, which may restrict the growth of individual species that might otherwise rapidly displace more delicate organisms. Also the growth of organisms may not be related to nutrient supply in a simple manner. It has been shown for instance by Washburn & Niven (1948) that the Streptococcus bovis, an a hemolytic streptococcus of human and animal origin, was prevented from growing by the addition of certain amino acids to a defined medium which supported growth. Growth was then restored by further addition of other amino acids. This aspect of the reaction of organisms to nutritional factors could exert a profound differentiating effect on the various organisms growing in a common environment.
All we can say is that certain organisms exist together in various parts of the mouth because local conditions are within their individual tolerances. The pattern of organisms present is likely to be closely related to and may be very sensitive to changes in the environment. Acute ulcerative gingivitis is a very good condition to illustrate and study conditions of growth of certain oral organisms. The disease is common, accessible and, although its metiology is not clear, clinically it is clearly defined. The gingival marginal ulceration, which in early cases is confined to the tips of the interdental papilla, allows diagnosis on inspection. A multiplicity of organisms are to be found on the ulcer surface and many of them have been blamed from time to time as the primary cause of the disease but, in typical early cases, there is always a great preponderance of spirochtetes and fusiform organisms. In civilian cases there is little evidence of communicability and, though not certainly proven, it may be considered that all organisms found on the ulcer surface are derived from healthy commensal flora of the mouth.
Vincent's infection in the mouth begins at the gingival margin and spreads from there more or less rapidly over the attached gingiva. Emslie (1963) reported that even tropical cancrum oris always begins at the gingival margin before spreading more widely. It is in this region, there- fore, that we should seek the special conditions favourable to the growth of organisms of Vincent's infection.
The specialized anatomical form of the gingival and interdental region and the constant presence there of tissue exudate from the gingival crevice or pocket is most likely to contain important determining factors for Vincent's infection. Tissue exudate has been shown by Brill & Bronnestam (1960) to be present in the gingival crevice even in non-inflamed gingive and this exudate rapidly increases in amount when the tissue is inflamed (Sueda et al. 1965 ). This gingival exudate contains about 10% of the amount of y globulin present in normal serum (Brill & Bronnestam 1960) and it has been thought likely to contain specific antibodies to control infection in the gingival crevice by taking part in an immunological defence reaction; such a reaction would not be marked but, in vivo, it cannot be ruled out and may be important. On the other hand, it is noticeable that several organisms frequently present in periodontal pockets or at the gingival margin require serum or serum-derived material for their in vitro culture: ascitic fluid is the classic requirement for spirochetes and serum or serumderived material for trichomonas, amcebe and mycoplasma, all of which are frequently present in Vincent's infection of the gingiva. It is likely that spirochetes and the other organisms grow preferentially in this region because gingival tissue exudate provides essential nutrient factors. In smears from ulcer surfaces prepared by the usual method of Gram-stained, heat-fixed films, many of the features of Vincent's infection can be missed. When smears are examined wet and unstained by phase contrast microscopy many new features are apparent: the spirochetes frequently show cystic changes and many of the fusiform organisms, always present, are seen to be motile; trichomonas and amneb: are frequently seen, the latter often in large numbers. In 142 cases exaniined by phase contrast, 86 (60%) showed motile amoebe and 17 (12%) had motile trichomonas. By cultural methods mycoplasma was isolated in 24 of 45 cases (53 %), a small sample of these was further examined and all were mycoplasma salivarium which is commonly cultured from normal mouths. The frequent occurrence of trichomonas in Vincent's infection led us to think that examination of conditions of growth of trichomonas might lead to information on the growth requirements of other organisms present, including spirochctes. The trichomonas can be grown in vitro with a live mixed culture of oral bacteria provided that inactivated serum is present and the pH of the medium is correctly adjusted.
Tests were undertaken to ascertain the optimum pH for growth of the trichomonas. Tubes were prepared containing phosphate buffer from pH 5 0 to pH 9 0 in steps of 0-5 pH ( Table 1) . The organism grew best at pH 6-5, not at all below 5 5 nor above 7, which defines the possible hydrogen ion concentration in Vincent's ulcers.
Experiments have also been made to determine the quantity of serum-derived material necessary for growth of trichomonas. Trichomonas was grown in serial dilutions of whole serum and in saline extract of heat coagulated serum. Table 2 shows the growth of trichomonas in media containing normal serum, heat-inactivated serum or equivalent quantities of water extract of heatcoagulated serum, each diluted with 10% egg albumen in Ringer's solution with rice starch added. In the experiment described, serum was obtained from an apparently noninfected man. Growth levels of water extract of heat-coagulated serum were similar to those of whole serum heatinactivated at 56'C for thirty min.; however, normal serum inhibited growth of trichomonas except in high dilutions. This type of reaction is of course not observed against bacteria as shown by the growth of viridans streptococci in the same medium.
The growth characteristics of the spirochetes have also been studied. In the past, isolation has been successfully undertaken by the method of Loesche et al. (1962) , who inoculated membrane filters of a nominal porosity of 0 45 p to 0 3 ,u laid on the top of suitable agar gels. The spirochmtes migrate through the membrane filter and grow in the gel. We have investigated the effect of using membrane filters' of different porosities. Filters of a nominal porosity of 0 45, 0-3, 0-22, 0-1 and 0 05 p were inoculated with material from Vincent's ulcers (Fig 1) . It was found that spirochetes would penetrate filters of a porosity of 0 I,p and above but not 0 05 p. The growths through the 0 I,p filters were very scanty. Best results were obtained with a porosity of 0-22 V. In these experiments the filters were sterilized with ethylene oxide and laid on the surface of nutrient agar plates containing 0-8 % ion agar, tryptone 3 %, yeast extract 0-5 %, sodium chloride 025 %, L-cysteine hydrochloride 0 075 %, glucose 05 %, 10 % heat inactivated horse serum, adjusted to pH 7*4. All the cultures were incubated anxrobically in McIntosh and Fildes jars at 37°C. Fig 2  shows the appearance of the growth beneath a membrane filter of 0 22 V porosity. Sometimes a series of concentric rings can be observed in the growth. ln the more opaque zones the gel contained predominantly small granules while the clear zones contained predominantly spirochetes, the spirochaetes in these growths are usually not motile but sometimes show vigorous motility. Viable granular forms of spirochetes have been observed for many years, and electron microscope appearances of granules were described by Hampp et al. (1948) is any increase in the number of spirochetes after entry of viable forms into the gel. It is quite possible for a small non-motile granular form to pass through the filter and enter the agar gel; small particles, which show intense brownian movement, can pass through the filters and enter the gel deeply. This can be demonstrated by an indian ink model: filter paper discs 5 mm in diameter soaked in indian ink were placed on the surface of a series of filters from 0-22 to 0 01 , porosity; in twenty-four hours carbon particles had passed through 0-22 ,u and 01 p and very slightly through 005 p filters. The indian ink particles penetrate to the full thickness of the gel. The size of most of the particles in the ink is between 0 15 and 0-2 p. When a membrane filter of 0 1 p pore size which had been used to obtain a gel culture was sectioned and stained with silver by the method of Warthin-Faulkner it was seen that both spirochetes and granules were present in the pores ofthe filter.
It was noticed that if the filter, having once produced a growth, was moved to a new uninfected area of agar after three days of primary culture a second better growth could be obtained in about forty-eight hours. Subsequent growths could be obtained from the same filter every two days for a prolonged period; as many as 30 separate growths have been obtained over a period of two months in this way.
In an endeavour to investigatef this effect, filters of 0-22 p porosity were fixed to perspex rings (Fig 3) . Two rings of different sizes were made so that one would fit inside the other. The primary inoculation was made into the smaller ring. It was found that the spirochetes in such an assembly would pass through the two filters together when placed on to an agar gel just as readily as they did through one filter. When the rings were removed apparently pure growths of spirochetes were present in the gel beneath. This apparatus enables the small ring which contains the primary mixed growth of spirochetes and other organisms to be removed altogether or to be replaced with a ring and filter containing other cultures during subsequent gel reinfection experiments.
It was found that if the small ring was removed from the assembly after a first growth had been obtained in the agar gel, subsequent growths could not be obtained when the infected larger filter was moved to a new agar gel, even if the small ing was replaced with a ring containing a culture of mixed oral flora. be obtained after a minimum of five days' anarobic culture at 37°C. In some cases, instead of a spirochete growth in liquid medium there is a growth of granules only and no spirochwtes have been obtained from such cultures. It is possible to subculture the liquid medium to more liquid medium and by this method up to five successive subcultures have been obtained. It has not been possible to subculture back from the liquid medium to the gel.
In the liquid cultures besides spirochetes there are always some relatively large and many small cysts, most of which appear empty with a few internal peripheral granules (Figs 4 and 5) . Sometimes, however, they seem to be full of dense granular material (Fig 6) . It appears as though the granules already observed are generated inside these cysts and are then released into the surrounding medium where they may mature into spirochetes.
Forms of growth similar to those seen in liquid culture are sometimes seen in specimens of early cases of Vincent's infection. Fig 7 shows a granular mass with spirochietes radiating out all round the edge. In the original observation these spirochetes were intensely motile and appeared to be continuously drawing away from a germinal centre. Interdentally, in these early cases, spirochbtes in nearly pure growth can often be seen and in these specimens there is little evidence of the variation in size and shape usually found in smears from Vincent's infection (Fig 8) .
A very early case of Vincent's infection presents as a tiny ulcer at the tip of an interdental papilla. It is,usually thought that the tip of the papilla is the first part of the gingival margin to be affected. However, it seemed possible that the disease might originate interdentally in that region of epithelium designated the 'col' by Cohen (1959) . An interdental papilla from a very early case of Vincent's infection was therefore excised and sectioned bucco-lingually. Haematoxylin and eosin stained sections showed that the ulcer was not confined to the tip of the interdental papilla but extended interdentally. When sections were stained with silver by the Warthin-Faulkner method spirochwtes and fusiform bacilli were seen penetrating the tissue in the interdental region.
It is therefore suggested that acute ulcerative gingivitis does not begin at the tip of the interdental papilla but that infection of tissue is initiated interdentally where conditions are more favourable to anerobic organisms requiring serum for their growth. From here the infection spreads more or less widely as in cancrum oris or in acute ulcerative gingivitis.
